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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a radiating plate 
capable of being suitably used as a board for a module for 
mounting a semiconductor element having a large heating 
amount excellent durability for a temperature cycle due to 
substantially equal thermal expansion coefficient to that of 
an aluminum nitride board having sufficiently highly thermal 
conductivity. 

SOLUTION: The radiating plate comprises a silicon carbide 
and metal composite material impregnated with a metal in 
open pores existed in a porous texture constituted of a 
silicon carbide crystal. In this case, the mean grain size of 
the crystal is 20 fl m or more, its porosity is 30% or less, its 
thermal conductivity is 100 W/m.K or more. The plate 
comprises 15 to 50 pts.wt. of metal to 100 pts.wt of the 
silicon carbide. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] ~~ " ~~ 

[Claim 1] The heat sink to which an open pore exists all over the porous structure constituted with a 
silicon carbide crystal, a metal is the heat sink which consists of silicon carbide and metal complex 
with wh.ch it sank in, and the mean particle diameter of said silicon carbide crystal consists of silicon 
carbide and metal complex characterized by for 30% or less and thermal conductivity being [ for 20 
micrometers or more and porosity ] 100 or more W/m-K, and the metal of 15 - 50 weight section 
sinking in to the silicon carbide 100 weight section into the open pore. 

[Claim 2] The heat sink which mean particle diameter becomes from silicon carbide and metal 
complex 50-90 volume % Including the coarse silicon carbide crystal which is 25-150 micrometers 
according to claim 1, 10-50 volume % Including the fine silicon carbide crystal whose mean particle 
diameter is 0.1-1.0 micrometers. 

[Claim 3] one principal plane — a conductor — the substrate for modules which is a substrate for 
modules equipped with the insulating substrate with which the circuit was formed, and the heat sink 
joined to other principal planes of said insulating substrate through the metal layer for carrying a 
sem.conductor device, and is characterized by using the heat sink according to claim 1 for said heat 
sink. 



[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 -**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the substrate for modules for carrying a 
semiconductor device with big calorific value with which the heat sink excellent in the heat 
dissipation property and this heat sink were used 
[0002] 
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[Description of the Prior Art] The substrate for modules which is excellent in the heat dissipation 
property equipped with the insulating substrate and the heat sink as a substrate which mounts the 
power semiconductor device accompanied by a lot of generation of heat at the time of actuation like 
rnnnoi g P °' ar transistor ) or S ™ (static induction transistor) is used 

L0003J Dewing _5 is the sectional view having shown typically the power module with which this kind 
of substrate for modules was used, this power module 20 - one principal plane of the insulating 
substrate 12 - a conductor - a circuit 15 forms - having - this conductor - a semiconductor 
dev.ce 16 carries in a part of circuit 15 - having - **** - other conductors - the circuit 15 and 
the semiconductor device 16 are connected by wire bonding which used wire 15a. moreover a 
conductor - the external terminal 1 9 is connected to the end of a circuit 1 5 through the solder layer 

[0004] On the other hand the metal layer 13 is mostly formed in the whole surface, and the heat sink 
21 is joined to this metal layer 13 by the base of the insulating substrate 12 through the solder layer 

[0005] By this power module 20, although a lot of heat occurs in a semiconductor device 16 by 
actuation of switching etc.. since stripping of this heat is carried out outside through the insulating 
substrate 12 the metal layer 14. and a heat sink 11. it can prevent an extremes-of-temperature rise 
of a semiconductor device 16. 

[0006] the former - this conductor - as an ingredient which constitutes a circuit 15 and the metal 
layer 13. copper .s used and. on the other hand, ceramics, such as an alumina, were used as an 
ingredient which constitutes the insulating substrate 12. 

[0007] However by the power module 20 using such an ingredient, when processes, such as soldering 
of a semiconductor device 1 6. generation of heat of the semiconductor device 1 6 at the time of use 
etc. received a temperature cycle, the problem that a crack will occur was in the insulating substrate 
nnniS ■ ♦ ■ * result,n e from the differential thermal expansion of copper and a ceramic. 

L0008J in order to solve such a problem - a conductor - the power module with which the 
alum.m.um nitr.de substrate which uses the small aluminum of deformation resistance as a metal for 
c.rcu.ts. and is excellent in the heat conductivity as an insulating substrate 12 was used is developed 
Moreover, by this power module, the so-called AlSiC which infiltrated aluminum into the silicon 
carbide porous body is used as a heat sink 11. 

[0009] the power module for which these ingredients were used - a conductor - the crack of the 
msu at.ng substrate 12 resulting from the differential thermal expansion of a circuit 15 and the 
.nsulat.ng substrate 12 etc. can be prevented. Moreover, since it is comparatively close to alumimium 
n.tnde. as for the heat s.nk 11 which consists of AlSiC. the coefficient of thermal expansion is hard 
to form a crack etc. in a part for the joint of the insulating substrate 12 and a heat sink 1 1 
Furthermore s.nce the thermal conductivity of a heat sink 1 1 is also high, the substrate which 
cons.sts of this heat sink, an insulating substrate, etc. excels [ heat sink ] in the heat dissipation 
property. r 

ix 0 D ln S bn W of * T^^ ^ ! aV + th fJ th u e COeffiC, ' ent ° f th6rmal expansion of coefficient of thermal 

T^o7(m1Z rT T T^T te 1 L Wh,Ch C ° nSiStS ° f a ' Umimium nitride of both corresponds with 
4 5x10 6 (/degree C) extent to the coefficient of thermal expansion of a heat sink 1 1 which consists 
of this convent onal AlSiC being 6.7x10-6 (/degree C) extent since the coefficient of thermal 
expansion of a heat s.nk 1 1 is about 1 .5 times larger, and the thermal conductivity of a heat sink 1 1 
was not able to be referred to as enough, either 
[001 1] 

[Problem(s) to be Solved by the Invention] This invention is made in view of the above-mentioned 
technical problem, and since thermal conductivity is high enough and coefficient of thermal expansion 
with an alum.m.um n.tnde substrate also has it. it aims at offering the heat sink which can be used 
* f0 I the ^bstrate for carrying a semiconductor device with such large calorific value, and the 

[001 12] * Sink US6d C a ' m0St 6qUal ] 

i^nn S f0r h 5°' Ving ; *f P :° b ' em] An open P° re exi sts all over the porous structure constituted with a 
sHicon carb.de crystal, into the open pore, a metal is the heat sink which consists of silicon carbide 
and metal complex w.th which it sank in. for the mean particle diameter of the above-mentioned 
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silicon carbide crystal, 20 micrometers or more and porosity are [ 30% or less and thermal 
conductivity ] 100 or more W/m-K, and the heat sink which consists of silicon carbide and metal 
complex of this invention is characterized by for the metal of 15 - 50 weight section to sink in to the 
silicon carbide 100 weight section. 

[0013] moreover, the substrate for modules of this invention — one principal plane — a conductor — 
it is the substrate for modules equipped with the insulating substrate with which the circuit was 
formed, and the heat sink joined to other principal planes of the above-mentioned insulating substrate 
through the metal layer for carrying a semiconductor device, and is characterized by using the heat 
sink which consists of the above-mentioned silicon carbide and metal complex as a heat sink. 
Hereafter, this invention is explained to a detail 
[0014] 

[Embodiment of the Invention] First, the heat sink (only henceforth a heat sink) which consists of 
silicon carbide and metal complex of this invention is explained. An open pore exists all over the 
porous structure constituted with a silicon carbide crystal, into the open pore, a metal is the complex 
with which it sank in, for the mean particle diameter of the above-mentioned silicon carbide crystal, 
20 micrometers or more and porosity are [ 30% or less and thermal conductivity ] 100 or more W/m- 
K, and the silicon carbide and metal complex (only henceforth complex) which constitutes the heat 
sink of this invention are characterized by the metal of 15 - 50 weight section sinking in to the silicon 
carbide 1 00 weight section. 

[0015] In the above-mentioned complex, since the mean particle diameter of a silicon carbide crystal 
is set as the comparatively big value of 20 micrometers or more, thermal conductivity is higher 
compared with the former. The effectiveness in which, as for this, heat conducts the interior of a 
crystal is because thermal conductivity becomes high so that mean particle diameter is large, since it 
is generally high compared with the effectiveness in which heat conducts between crystals. 
Moreover, in the complex of this invention, sintering advances, and since neck association is large as 
shown in the scanning electron microscope photograph (SEM photograph) of drawing 2 , thermal 
conductivity is high further. However, since neck association does not advance, either, when sintering 
does not advance as shown in the SEM photograph of drawing 3 , thermal conductivity does not 
become high. 

[0016] Moreover, it has also contributed to thermally conductive improvement that the porosity of 
porous structure is set as the small value of 30% or less. That is, if porosity becomes small, as a 
result of the openings in porous structure decreasing in number, it is because it becomes easy to 
conduct heat. Furthermore, that the metal of 15 - 50 weight section sinks in to the silicon carbide 
100 weight section has also contributed to improvement in thermal conductivity. 
[0017] The value of the heat conductivity turns into 100 or more W/m-K and a big value, and the 
above-mentioned complex stops also being able to produce the variation in temperature easily, as a 
result of being constituted in this way. As for the value of thermal conductivity, it is desirable that it 
is 180 - 280 W/m-K, and it is more desirable that it is 200 - 260 W/m-K. In the above-mentioned 
complex, the above-mentioned desirable thermal conductivity can be attained by setting the porosity 
of the above-mentioned open pore, the particle size of a particle, etc. as the still more desirable 
range. 

[0018] The mean particle diameter of the silicon carbide which constitutes the above-mentioned 
complex has desirable 20-100 micrometers, its 30-90 micrometers are more desirable, and its 40-70 
micrometers are the most desirable. When mean particle diameter becomes large too much, there is a 
possibility that eburnation of the complex may be carried out too much. Moreover, 5 - 30% of the 
porosity of the open pore of the above-mentioned silicon carbide is desirable, is more desirable and 
is the most desirable. [ 10 - 20% of ][ 10 - 20% of ] 

[0019] Moreover, as for the above-mentioned complex, it is desirable 50-90 volume % That it is what 
is included about the coarse silicon carbide crystal (henceforth a rough crystal) whose mean particle 
diameter is 25-150 micrometers, 10-50 volume % Including the fine silicon carbide crystal (henceforth 
a thin crystal) whose mean particle diameter is 0.1-1.0 micrometers. 

[0020] As mentioned above, in the case of the complex with which a thin crystal and a rough crystal 
are included by the proper ratio, as the SEM photograph of drawing 4 showed, the opening formed 
between rough crystals will tend to be in the condition of having filled up with the thin crystal, and 
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the ratio of a substantial opening becomes small. Consequently, the thermal resistance of complex 

becomes still smaller and .t is thought that this is contributing to improvement in thermal conductivity 

greatly. On the other hand, since the ratio of an opening will become large even if neck association 

advances to some extent if a thin crystal does not exist in the surroundings of a rough crystal as the 

btM photograph of drawing 5 showed, thermal conductivity seldom improves 

[0021] The mean particle diameter of a thin crystal has desirable 0.1-1.0 micrometers its 0 2-0 9 

micrometers are more desirable, and its 0.3-0.7 micrometers are the most desirable 

L0022J since use of expensive impalpable powder is needed when it is going to make mean particle 

diameter of a thin crystal very small -- high-boiling [ of ingredient cost ] — being ****** — there is 

on the contrary, when the mean particle diameter of a thin crystal becomes large too 
much, there is a possibility that it may become impossible to be filled up with the opening formed 
between rough crystals, and it may become impossible to fully reduce the thermal resistance of 
complex. 

[0023] In this complex, as for a thin crystal. 10-50 volume % Being contained is desirable 15-40 
volume % Being contained is more desirable, and 20-40 volume % Being contained is most desirable 
When the content ratio of a thin crystal becomes small too much, the thin crystal of sufficient 
amount to be filled up with the opening formed between rough crystals becomes is hard to be 
secured, and there is a possibility that it may become impossible to reduce the thermal resistance of 

thin^J m| ,r i y ' cont u rar * if the conter * 'atio of a thin crystal becomes large too much, the 

th.n crystal filled up with the above-mentioned opening will become an excess rather, and. originally 
the rough crystal of extent required for thermally conductive improvement will no longer be secured 
Therefore, there <s a possibility that the thermal resistance of complex may become large on the 
contrary. 3 

[0024] I In the above-mentioned complex, the mean particle diameter of a rough crystal has desirable 
25 150 micrometers, .ts 40-100 micrometers are more desirable, and its 60-80 micrometers are the 
most desirable. If ,t is going to make mean particle diameter of a rough crystal small, as a result of a 
particle— size difference with the above-mentioned thin crystal grain child becoming small, there is a 
possibility that it may become impossible to expect the thermal resistance reduction effectiveness by 
mixing w,th a th.n crystal and a rough crystal. On the contrary, if the mean particle diameter of a 
rough crystal becomes large too much, even if there is a thin crystal of sufficient amount from each 
opening formed between rough crystals becoming large, it will become difficult to fully be filled up 
with the openmg concerned. Therefore, there is a possibility that it may become impossible to fully 
reduce the thermal resistance of complex. 

[0025] In the above-mentioned complex. 50-90 volume % Being contained is desirable, as for a rough 
crystal. 60-85 volume % Being contained is more desirable, and 60-80 volume % Being contained is 
most des.rable. When the content ratio of a rough crystal becomes small too much, there is a 
possibility that the rough crystal of extent required for improvement in thermal conductivity may 
originally no longer be secured, and the thermal resistance of complex may become large on the 
contrary When the content ratio of a rough crystal becomes large too much, the content ratio of a 
thin crystal becomes small relatively, and it becomes impossible on the contrary, to fully be filled up 
with the opening formed between rough crystals. Therefore, there is a possibility that it may become 
impossible to reduce the thermal resistance of complex certainly. 

[0026] In the complex which constitutes the heat sink of this invention, the metal of 15 - 50 weight 
section sinks in to the silicon carbide 100 weight section. By performing metal sinking in, it fills up 
with a metal in the open pore of a sintered compact, it serves as a precise object seemingly and 
improvement in thermal conductivity and reinforcement is achieved as a result 
wr ? P u eCia ! y 38 ^^ve-mentioned metal for sinking in. metal silicon is desirable. In addition to 
fam l.ar.ty by silicon carb.de being the good matter, metal silicon has thermal conductivity with high 

S JuT ' mpr ° V t m ?. nt in th6rmal conductivit y and reinforcement can be certainly attained by 
being filled up with metal silicon in the open pore of a sintered compact 

L0028] In this case, as for metal silicon, it is desirable that 15-45 weight section sinking in is carried 
out to the silicon carbide 100 weight section, and it is more desirable that 15-39 weight section 
sinking in is carried out. There is a possibility that it may become impossible to fully fill up with an 
open pore that the amount of sinking in is under 15 weight sections, and it may become impossible to 
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reduce the thermal resistance of complex certainly. If the amount of sinking in exceeds 30 weight 
sections, as a result of the ratio of a crystal part falling relatively, depending on the case, thermal 
conductivity may fall on the contrary. 

[0029] In addition, when chosen, the things, for example, the metal aluminum, other than metal silicon 
the amount of sinking in has desirable 20 - 50 weight section to the silicon carbide 100 weight 
section. When the amount of sinking in deviates from the above-mentioned range there is a 
possibility of causing the decline in thermal conductivity and increase of coefficient of thermal 
expansion. 

[0030] Next, how to manufacture the heat sink which consists of such complex is explained The 
above-mentioned heat sink is manufactured through the ingredient preparation process which mixes 
impalpable powder at a predetermined rate in the end of coarse powder, a forming cycle, a baking 
process, and a metal smking-in process. A metal sinking-in process may be performed before a 
baking process, and may be performed after a baking process. 

[0031] In the above-mentioned ingredient preparation process, to the coarse powder end of alpha 
mold silicon carbide with a mean particle diameter of 5-100 micrometers, 10-100 weight section 
combination of the impalpable powder of alpha mold silicon carbide with a mean particle diameter of 
U. 1-1.0 micrometers is carried out, and this is mixed to homogeneity. 

[0032] The mean particle diameter in the coarse powder end of alpha mold silicon carbide used as a 
raw material has desirable 5-100 micrometers, its 15-75 micrometers are more desirable, and its 25- 
60 micrometers are more desirable. Moreover, the mean particle diameter of the impalpable powder of 
alpha mold silicon carbide has desirable 0.1-1.0 micrometers, its 0.1-0.8 micrometers are more 
desirable, and its 0.2-0.5 micrometers are the most desirable. 

[0033] The loadings of the impalpable powder to the 100 weight sections have the desirable 10-100 
weight section, its 15 - 65 weight section is more desirable, and its 20 - 60 weight section is the 
most desirable in the end of coarse powder. 

[0034] In this ingredient preparation process, a raw material slurry is prepared by blending distributed 
solvents other than the above-mentioned silicon carbide powder, such as binders for shaping such as 
polyvinyl alcohol and acrylic resin, alcohol, water, and benzene, if needed, and kneading this using a 
kneader etc., after mixing by a vibration mill etc. 

[0035] Moreover, it is desirable that the organic substance which serves as a carbon source further 
is blended one to 1 0% of the weight by carbon weight conversion into the above-mentioned raw 
material slurry, and it is more desirable to be blended six to 9% of the weight. That is, when the 
carbon originating in the above-mentioned organic substance adheres to the front face of the silicon 
carb.de of a sintered compact, the metal silicon and carbon which have invaded react and silicon 
carb.de newly generates there. Therefore, it is because necking strong there occurs and improvement 
in thermal conductivity and reinforcement is achieved by this (refer to drawing 4 ) 
[0036] As the above-mentioned organic substance, phenol resin, carbon black, acetylene black a 
pitch, tar, etc. are mentioned, for example. When a ball mill is used for phenol resin also in this it is 
advantageous at the point that a raw material is mixable to homogeneity 

[0037] In a forming cycle, after forming the granulation of silicon carbide using this raw material 
slurry it fabricates in a predetermined configuration using metal mold etc. As an approach of 
granu atmg silicon carbide powder, an approach better known than before can be used like the 
granulating method (the spray-drying method) by spray drying, for example. Moreover, compacting 
pressure is 1.0 - • 1. i t/cm2. It is desirable and is 1.1-1.4 t/cm2. It is more desirable. Moreover, the 
consistency of the Plastic solid acquired is 2.0 g/cm3. The above is desirable and it is 3 2.2-2.7 W cm 
It is more desirable. 6 

[0038] In a baking process, the acquired Plastic solid is calcinated in a 1 700-2400-degree C 
temperature requirement, and a porous body is produced. 2000-2400 degrees C of burning 
temperature are desirable, and its 200-2300 degrees C are more desirable. Under the present 
circumstances, the interior of a firing furnace is maintained at a non-oxidizing atmosphere or inert 
atmospheres, such as an argon, helium, and nitrogen. In addition, the inside of a firing furnace may be 
made into a vacua at this time. 

[0039] I Furthermore, in order to promote growth of the neck section at the time of baking it is 
desirable to control volatilization of the silicon carbide from a Plastic solid. There is the approach of 
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inserting in a Plastic solid as an approach of controlling volatilization of the silicon carbide from a 
Plastic solid in the heat-resistant container which can intercept invasion of the open air As a 
formation ingredient of the above-mentioned heat-resistant container, a graphite or silicon carbide is 
suitable. " 

[0040] | In the continuing metal sinking-in process, as it is the following, a metal is sunk into a porous 
body. For example, when sinking in metal silicon, it is desirable to sink a carbonaceous material into a 
s.ntered compact beforehand. As such a carbonaceous material, various organic substances, such as 
furfural resin, phenol resin, a ligninsulfonic acid salt, polyvinyl alcohol, corn starch. **** a coal-tar 
pitch and alginate, are mentioned, for example. In addition, pyrolysis matter like carbon black and 
acetylene black can be used similarly. 

[0041] Since the film of new silicon carbide is formed in the front face of the open pore of a sintered 
compact by infiltrating the above-mentioned carbonaceous material beforehand, association with 
melting silicon and a porous body will become firm by this. Moreover, the reinforcement of a sintered 
compact also becomes strong according to sinking [ of a carbonaceous material ] in. 
[0042] The approach of making carry out heating melting of the metal silicon, and sinking in as an 
approach filled up with metal silicon into an open pore, for example is mentioned. Moreover the metal 
s.l.con which earned out pulverization is distributed in a dispersion medium, it can be made to be able 
to back-dry and the approach of heating more than the melting temperature of metal silicon which 
infiltrated these dispersion liquid into the porous body can also be applied. Sinking [ of the above- 
mentioned metal ] in may be carried out to the Plastic solid before calcinating. Then, while performing 
cutting to a sintered compact as occasion demands, polish etc. is given, and a heat sink is produced 
by considering as the plate of a predetermined configuration. 

[0043] Thus, since the heat sink which consists of silicon carbide and metal complex of a new 
configuration of having been obtained contains the metal while the value of thermal conductivity is 
excellent in 100 or more W/m-K and thermal conductivity, it is excellent also in a mechanical 
strength. Furthermore, it can consider as the heat sink which was further excellent in thermal 
conductivity depending on manufacture conditions with thermal conductivity 180 - 280 W/m-K and 
200 260 W/m-K. Such a heat sink is the optimal as a heat sink used for the substrate for modules 
which carries out the following. 

[0044] Next, the substrate for modules with which the above-mentioned heat sink was used is 
explained, the substrate for modules of this invention — one principal plane — a conductor — it is 
the substrate for modules equipped with the insulating substrate with which the circuit was formed 
and the heat sink joined to other principal planes of the above-mentioned insulating substrate 
through the metal layer for carrying a semiconductor device, and is characterized by using the heat 
smk which turns into the above-mentioned heat sink from the above-mentioned silicon carbide and 
metal complex. 

[0045] DrawingJ is the sectional view showing typically the power module with which the substrate 
tor modules of this invention was used. 

[0046] this power module 10 — the top face of the insulating substrate 12 - a conductor — a 
circuit 15 forms — having — this conductor — a semiconductor device 16 minds [ a part of ] the 
solder layer 17. and connects and fixes to it - having - **** - a conductor - other parts and 
semiconductor devices 16 of a circuit 15 are connected by wire bonding which used wire 15a 
moreover, a conductor - the external terminal 19 is connected to the end of a circuit 15 through 
the solder layer 18. 

[0047] On the other hand, the metal layer 13 is mostly formed in the whole surface, the heat sink 1 1 
which consists of complex of this invention is directly joined to the metal layer 13 which consists of 
this aluminum etc. by the base of the insulating substrate 12. and this heat sink 1 1 is attached in it at 
the cooling unit 20. This heat sink 1 1 may be joined to the metal layer 14 through the low material 
rnn^oTJu UmmUm et0, and coefficient of thermal expansion by which aluminum-Si was added 
LUU48J The cooling unit 20 may be air cooling and may be a water cooling type. In the case of the 
water cooling type, refrigerants, such as water, are usually poured by the part which touches a heat 
sink 11. 

[0049] this power module 10 — a conductor — the insulating substrate 12 and heat sink 1 1 which 
have a circu.t 15 and the metal layer 13 constitute the substrate for modules of this invention. 
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inserting in a Plastic solid as an approach of controlling volatilization of the silicon carbide from a 
Plastic solid in the heat-resistant container which can intercept invasion of the open air. As a 
formation ingredient of the above-mentioned heat-resistant container, a graphite or silicon carbide is 
suitable. 

[0040] In the continuing metal sinking-in process, as it is the following, a metal is sunk into a porous 
body. For example, when sinking in metal silicon, it is desirable to sink a carbonaceous material into a 
sintered compact beforehand. As such a carbonaceous material, various organic substances, such as 
furfural resin, phenol resin, a ligninsulfonic acid salt, polyvinyl alcohol, corn starch, a coal-tar 
pitch, and alginate, are mentioned, for example. In addition, pyrolysis matter like carbon black and 
acetylene black can be used similarly. 

[0041] Since the film of new silicon carbide is formed in the front face of the open pore of a sintered 
compact by infiltrating the above-mentioned carbonaceous material beforehand, association with 
melting silicon and a porous body will become firm by this. Moreover, the reinforcement of a sintered 
compact also becomes strong according to sinking [ of a carbonaceous material ] in. 
[0042] The approach of making carry out heating melting of the metal silicon, and sinking in as an 
approach filled up with metal silicon into an open pore, for example is mentioned. Moreover, the metal 
silicon which carried out pulverization is distributed in a dispersion medium, it can be made to be able 
to back-dry and the approach of heating more than the melting temperature of metal silicon which 
infiltrated these dispersion liquid into the porous body can also be applied. Sinking [ of the above- 
mentioned metal ] in may be carried out to the Plastic solid before calcinating. Then, while performing 
cutting to a sintered compact as occasion demands, polish etc. is given, and a heat sink is produced 
by considering as the plate of a predetermined configuration. 

[0043] Thus, since the heat sink which consists of silicon carbide and metal complex of a new 
configuration of having been obtained contains the metal while the value of thermal conductivity is 
excellent in 100 or more W/m-K and thermal conductivity, it is excellent also in a mechanical 
strength. Furthermore, it can consider as the heat sink which was further excellent in thermal 
conductivity depending on manufacture conditions with thermal conductivity 1 80 - 280 W/m-K, and 
200 - 260 W/m-K. Such a heat sink is the optimal as a heat sink used for the substrate for modules 
which carries out the following. 

[0044] Next the substrate for modules with which the above-mentioned heat sink was used is 
explained, the substrate for modules of this invention — one principal plane — a conductor — it is 
the substrate for modules equipped with the insulating substrate with which the circuit was formed, 
and the heat sink joined to other principal planes of the above-mentioned insulating substrate 
through the metal layer for carrying a semiconductor device, and is characterized by using the heat 
sink which turns into the above-mentioned heat sink from the above-mentioned silicon carbide and 
metal complex. 

[0045] Drawing. 1 is the sectional view showing typically the power module with which the substrate 
for modules of this invention was used. 

[0046] this power module 10 — the top face of the insulating substrate 12 — a conductor — a 
circuit 15 forms — having — this conductor — a semiconductor device 16 minds [ a part of] the 
solder layer 1 7, and connects and fixes to it — having — **** — a conductor — other parts and 
semiconductor devices 16 of a circuit 15 are connected by wire bonding which used wire 15a. 
moreover, a conductor — the external terminal 19 is connected to the end of a circuit 15 through 
the solder layer 18. 

[0047] On the other hand, the metal layer 13 is mostly formed in the whole surface, the heat sink 1 1 
which consists of complex of this invention is directly joined to the metal layer 13 which consists of 
this aluminum etc. by the base of the insulating substrate 12, and this heat sink 1 1 is attached in it at 
the cooling unit 20. This heat sink 1 1 may be joined to the metal layer 14 through the low material 
with near aluminum etc. and coefficient of thermal expansion by which aluminum-Si was added. 
[0048] The cooling unit 20 may be air cooling and may be a water cooling type. In the case of the 
water cooling type, refrigerants, such as water, are usually poured by the part which touches a heat 
sink 11. 

[0049] this power module 10 — a conductor — the insulating substrate 12 and heat sink 1 1 which 
have a circuit 15 and the metal layer 13 constitute the substrate for modules of this invention. 



•JP-A-2001 -185665 .... 8/14 ^—2/ 

Although the heat sink which consists of silicon carbide and metal complex mentioned above as a 
heat sink 1 1 is used, this heat sink is excellent also in the mechanical property while showing for 
example, 200-260W/m and K, and very high thermal conductivity by choosing manufacture conditions. 
Moreover, since this heat sink 11 has a coefficient of thermal expansion almost equal to 3.5x10-6 to 
5.0x10-6 (/degree C), and insulating substrates, such as alumimium nitride (coefficient of thermal 
expansion: about 4.5x10- 6/degree C). in room temperature -800 degree C. the endurance which was 
excellent also to the temperature cycle is shown. In addition, the thickness of this heat sink 1 1 
usually has 3-4 desirablemm. 

[0050] Although especially the quality of the material of the insulating substrate 1 2 is not limited, for 
example, an alumina, silicon nitride, alumimium nitride, etc. are mentioned, in these, alumimium nitride 
excellent in thermal conductivity is desirable. When the insulating substrate 12 consists of alumimium 
nitride, the alumimium nitride sintered compact may contain metallic oxides, such as an alkali-metal 
oxide, an alkaline-earth-metal oxide, and a rare earth oxide, 0.1 to 10% of the weight, as these oxides 
— Y2 03, CaO, Li2 O. and Rb 203 etc. — it is mentioned. 

[0051] a conductor — as the quality of the material of a circuit 15 and the metal layer 13, although 
copper, aluminum, etc. are mentioned for example, while having comparatively high conductivity, the 
small aluminum of deformation resistance is desirable. When aluminum is especially used for the metal 
layer 13, it becomes possible to join to a heat sink 1 1 directly. If aluminum and silicon are used as a 
metal especially infiltrated into a heat sink 11, melting and since it is mixed, as for both, this 
aluminum, the aluminum in a heat sink, and silicon will be mutually joined firmly by the junction 
interface, in addition, an insulating substrate and a conductor — junction of a circuit etc. can be 
performed using the low material containing aluminum-Si. 

[0052] Although especially the semiconductor device carried in the substrate for modules of this 
invention is not limited, since this substrate for modules is excellent in the heat dissipation property, 
it is the optimal as an object for loading of a semiconductor device with much calorific value at the 
time of actuation. As such a semiconductor device. IGBT. SIT, etc. are mentioned, for example. Thus, 
the substrate for modules of this invention has the endurance which was excellent also to thermal 
shocks, such as a temperature cycle, while it is excellent in a heat dissipation property 
[0053] 

[Example] Although an example is hung up over below and this invention is explained to it in more 
detail, this invention is not limited only to these examples. 

[0054] an example 1 — the impalpable powder (GMF-15H2) of alpha mold silicon carbide with a 
coarse powder end [ of alpha mold silicon carbide with a mean particle diameter of 30 micrometers ] 
(#400) and a mean particle diameter of 0.3 micrometers was first prepared as a start ingredient. And 
to the 100 weight sections, the above-mentioned impalpable powder 30 weight section was blended, 
and this was mixed to homogeneity in the above-mentioned end of coarse powder. 
[0055] Next, after blending the polyvinyl alcohol 5 weight section, the phenol resin 3 weight section, 
and the water 50 weight section to this mixture 100 weight section, uniform mixture was obtained by 
mixing in a ball mill for 5 hours. 

[0056] After carrying out predetermined time desiccation of this mixture and removing moisture to 
some extent, optimum dose extraction was carried out and that desiccation mixture was granulated. 
At this time, the moisture content of granulation was adjusted so that it might become about 0.8% of 
the weight. Subsequently, a metal force piston is used for the granulation of this mixture, and it is 2 
1.3t/cm. It fabricated by the press pressure, the consistency of the acquired tabular generation form 
— 2.6 g/ cm3 it was . 

[0057] Subsequently, the above-mentioned Plastic solid was put into the crucible made from a 
graphite, and the baking was performed using the tongue man mold firing furnace. Baking was carried 
out in the argon atmosphere of one atmospheric pressure. Moreover, it heated to 2200 degrees C 
which is a maximum temperature in 10-degree-C programming rate for /at the time of baking, and 
held at the temperature after that for 4 hours. 

[0058] Subsequently, desiccation was performed after carrying out vacuum impregnation of the 
phenol resin (coking value: 30 % of the weight) to the obtained porosity sintered compact beforehand. 
Then, the front face of the above-mentioned porosity sintered compact was coated with the slurry 
containing metal silicon. Here, that with which 20 micrometers was mixed for mean particle diameter, 
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and 99% of the weight or more of the metal silicon powder 100 weight section and the 5% acrylic ester 
benzene solution 60 weight section were mixed for purity was used as the above-mentioned slurry. 
And the porosity sintered compact which coated metal silicon was heated with the programming rate 
of 450 degrees C/hour in the argon gas air current, and it held at 1450 degrees C of maximum 
temperatures for about 1 hour. By such processing, metal silicon was made to permeate into a 
porosity sintered compact, and silicon carbide and metal complex were obtained. In addition, the 
content of the metal silicon to the silicon carbide 100 weight section was set as 30 weight sections 
here. 

[0059] the porosity of an open pore [ in / in the base material which consists of obtained silicon 
carbide and metal complex / porous structure ] — 20% — as a whole — thermal conductivity — the 
consistency as 210W/mandK, and the whole — 3.0 g/cm3 it was . Moreover, the mean particle 
diameter of a silicon carbide crystal was 30 micrometers. 80 volume % Specifically, the rough crystal 
whose mean particle diameter is 40 micrometers was included, 20 volume % Including the thin crystal 
whose mean particle diameter is 1 .0 micrometers. 

[0060] Then, after performing figuring processing to the above-mentioned base material by well- 
known technique conventionally, polish processing etc. was performed and production of 
vertical:70mm, horizontals 30mm, and a thickness:3mm heat sink was completed. 
[0061] next, a conductor — the conductor which becomes the whole surface from aluminum with a 
thickness of 0.4mm as an insulating substrate which has a circuit etc. — a circuit The substrate 
made from alumimium nitride with a thickness of 4mm to which it was joined using the low material 
containing aluminum-Si, and the aluminum plate used the same low material for, and was joined by 
other whole surface is used. The heat sink and the above-mentioned substrate made from alumimium 
nitride which were obtained were joined by inserting and sticking [ heat and ] an aluminum plate by 
pressure, and production of the substrate for modules was completed. 

[0062] this the substrate for modules after presenting the thermo-cycle trial repeated 1000 times 
with the thermo cycle which keeps it at 1 50 degrees C after keeping the obtained substrate for 
modules at -55 degrees C — length — cutting — the junction condition of a heat sink and an 
insulating substrate, and a conductor — although the junction condition of a circuit, a metal layer, 
and an insulating substrate was observed under the microscope, the crack etc. was not observed at 
all. 

[0063] Next, although the power module was actually operated and the temperature of an IGBT 
component was measured after carrying the IGBT component in this substrate for modules and 
attaching in a cooling unit, the IGBT component held the temperature which may fully function as a 
component. 

[0064] While using the coarse powder end of alpha mold silicon carbide with example 2 mean particle 
diameter of 35 micrometers (#360), to the 100 weight sections, the above-mentioned impalpable 
powder 40 weight section was blended, and this was mixed to homogeneity in the above-mentioned 
end of coarse powder. About the other conditions, it was presupposed fundamentally that it is the 
same as that of an example 1. 

[0065] consequently, the porosity of an open pore [ in / in the base material which consists of 
obtained silicon carbide and metal complex / porous structure ] — the thermal conductivity as 17% 
and the whole ~ the consistency as 220 W/m-K and the whole — 3.0g/cm3 it was . Moreover, the 
mean particle diameter of a silicon carbide crystal was 36 micrometers. 80 volume % Specifically, the 
rough crystal whose mean particle diameter is 45 micrometers was included, 20 volume % Including 
the thin crystal whose mean particle diameter is 1 .0 micrometers. 

[0066] the junction condition of the heat sink after producing the substrate for modules like an 
example 1 and performing a thermo-cycle trial using this silicon carbide and metal complex, and an 
insulating substrate, and a conductor — although the junction condition of a circuit was observed, 
the crack etc. was not observed at all. 

[0067] Moreover, although the IGBT component was carried in this substrate for modules, this is 
attached in a cooling unit, and was operated and the temperature of an IGBT component was 
measured, the IGBT component held the temperature which may fully function as a component. 
[0068] While using the coarse powder end of alpha mold silicon carbide with example 3 mean particle 
diameter of 57 micrometers (#240), to the 100 weight sections, the above-mentioned impalpable 
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powder 40 weight section was blended, and this was mixed to homogeneity in the above-mentioned 
end of coarse powder. About the other conditions, it was presupposed fundamentally that it is the 
same as that of an example 1. 

[0069] consequently, the porosity of an open pore [ in / in the base material which consists of 
obtained silicon carbide and metal complex / porous structure ] — the thermal conductivity as 15% 
and the whole — - the consistency as 230 W/m-K and the whole — 3.1g/cm3 it was . Moreover, the 
mean particle diameter of a silicon carbide crystal was 65 micrometers. 80 volume % Specifically, the 
rough crystal whose mean particle diameter is 80 micrometers was included, 20 volume % Including 
the thin crystal whose mean particle diameter is 1 .0 micrometers. 

[0070] the junction condition of the heat sink after producing the substrate for modules like an 
example 1 and performing a thermo-cycle trial using this silicon carbide and metal complex, and an 
insulating substrate, and a conductor — although the junction condition of a circuit was observed, 
the crack etc. was not observed at all. 

[0071] Moreover, although the IGBT component was carried in this substrate for modules, this is 
attached in a cooling unit, and was operated and the temperature of an IGBT component was 
measured, the IGBT component held the temperature which may fully function as a component. 
[0072] While using the coarse powder end of alpha mold silicon carbide with example of comparison 1 
mean particle diameter of 10 micrometers, to the 100 weight sections, mean particle diameter 
blended the impalpable powder 45 weight section of alpha mold silicon carbide which is 0.7 
micrometers, and mixed this to homogeneity in the above-mentioned end of coarse powder. 
[0073] After blending the polyvinyl alcohol 5 weight section and the water 50 weight section to this 
mixture 100 weight section, uniform mixture was obtained by mixing in a ball mill for 5 hours. 
[0074] After carrying out predetermined time desiccation of this mixture and removing moisture to 
some extent, optimum dose extraction was carried out and that desiccation mixture was granulated. 
Subsequently, a metal force piston is used for the granulation of this mixture, and it is 2 0.6t/cm. It 
fabricated by the press pressure, the consistency of the acquired tabular generation form — 2.0 
g/ cm3 it was . Then, the condition metal silicon same to this Plastic solid as an example 1 was sunk 
in. 

[0075] Subsequently, the above-mentioned Plastic solid was put into the crucible made from a 
graphite, and the baking was performed using the tongue man mold firing furnace. Baking was carried 
out in the argon atmosphere of one atmospheric pressure. Moreover, it heated to 1 700 degrees C 
which is a maximum temperature in 1 0-degree-C programming rate for /at the time of baking, and 
held at the temperature after that for 4 hours. 

[0076] the porosity of an open pore [ in / in the base material which consists of obtained silicon 
carbide and metal complex / porous structure ] — 38% — as a whole — thermal conductivity — the 
consistency as 80W/mandK, and the whole — 2.8 g/cm3 it was . Moreover, the mean particle 
diameter of a silicon carbide crystal was 10 micrometers. 

[0077] The substrate for modules was produced like the example 1 using this silicon carbide and 
metal complex. Moreover, although the IGBT component was carried in this substrate for modules, 
this is attached in a cooling unit, and was operated and the temperature of an IGBT component was 
measured, temperature rose with the passage of time and the IGBT component has exceeded the 
temperature which may fully function as a component. 
[0078] 

[Effect of the Invention] Since it is constituted as mentioned above, since thermal conductivity is 
high enough and coefficient of thermal expansion with an alumimium nitride substrate also has it, the 
heat sink which consists of silicon carbide and metal complex of this invention is excellent in the 
endurance over a temperature cycle, and can be suitably used as a substrate for modules for 
carrying a semiconductor device with large calorific value. [ almost equal ] Moreover, since the 
substrate for modules of this invention is constituted as mentioned above, it is excellent in a heat 
dissipation property and endurance. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the substrate for modules of this invention typically. 
[Drawing 2] It is the SEM photograph in which the organization of the silicon carbide and metal 
complex which constitutes the heat sink of this invention is shown. 

[Drawing J] It is the SEM photograph in which the organization of the conventional silicon carbide and 
metal complex is shown. 

[Drawing 4] It is the SEM photograph in which the organization of the silicon carbide and metal 
complex which constitutes the heat sink of this invention is shown. 

[Drawing 5] It is the SEM photograph in which the organization of the conventional silicon carbide and 
metal complex is shown. 

[Drawing 6] It is the sectional view showing the conventional power module typically. 
[Description of Notations] 

10 Power Module 

1 1 Heat Sink 

1 2 Insulating Substrate 

13 Metal Plate 

14, 17, 18 Solder layer 

1 5 Conductor — Circuit 
1 5a Wire 

16 Semiconductor Device 

17 18 Solder layer 
19 External Terminal 
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mz&fctz w t a*-e#4 < ftsfc-tftasfca. 

[0 0 2 6] **M©ttf!!k«*«i*i'5*^*^tt» ft 
ffcgSi 1 0 0 filSS»C*r LT 1 5 - 5 0 Sft8B©&S# 

[0 0 2 7] ±IE^gffl^Jii LTtt, »tAMS/!>3 

[0 0 2 8] tt'/Jayft, SHfc&*10 

0fi*«K#U-Cl 5-4 5Mfc*teaS*VO*6rfc 
!»s#*L<. 1 5-3 9*«B^SS*fC^5ri^J: 
9ff*U\ ^aii J l 5lftg5*i$T'*>6i:, Ml** 
ft*»*H£#Kt6wi:#"C*4<40» ££#©$& 

»k, ajwaosMifca*.**. »&»£©&* 

[0 0 2 9] &jg->y aya^oto, flttf. 

guts* 1 0 0 iaauc*t lt 20-50 mmmz 

JW^a*©*********^**. 
[0030] fcfc. ioJ:5<t!l*»a»64*3SWIMSt 

fcJte»I8tt. ife«lSlWfcfTfc*iTfc.l:<. »*i 
[0 0 3 1] ±EtroH»i6fc*5^-ctt, ¥m&5 

-1 OOjimOaSUKft&lWttiftfcKttl'C. 
SO. 1-1. 0jim©afflKfl2«M>»tt*fcl0~ 
1 0 Oftft&G&U :Ux*i$-l£»£+6. 
[0 0 3 2] 46 ofi*Mlfli*Oft»*Osp«tt 
gli. 5-1 0 0 jim>»5$J*L<, 15~75/»m*5«t 
08* IX, 2 5-6 O/zmaSiOffSUV, a 
BWtStafW^aJflMlEfttt, 0. 1~1. 0 M m 
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MftlX, 0. 1-0. 8 nmfr£.*)bt£l< , 0. 
2-0. 5/im^*t>»4UV». 

[0033] 1 0 0 fi«i5ic*tl-5«»*rofi^ 

fttt, 1 0-1 0 0lfi2M>W£L<. 15-6 5 Ifi 

IX, 2 0-6 oaiSM 5 ftt#*U\ 
[0 0 3 4] -©tmHSlSfcfc^-cti. ±EKftS 
Jfcft*©«:MC. t'^7/U=J-yK TtV^titm 

»»k*^»kijci:te^l» diet's 

1^7!i-SrfS»t6, 
[0 0 3 5] Sfc, ±I2D5i*Wy-*l-li, 
*IK fc 45*T«IW^!ftfc»T? 1-10 lft%E£ 
**i"Cv^5wi:i*ff*U<, 6~9mt%K££tvcv 
5ri*J:fJff*U\ +4fc%, ±E*r«Wca*-t- 

bnsa»e>-c*>5 (B4#hs) „ 

[0 0 3 6] ±E#**tfCtt, 7*/-* 

[0 0 3 7] ^XSlCfc'VTIl, r©JM**9 !>-* 
^•OMfc&*©lttfc«:»J*Lfc*. AIWifll^tBr 

Tfi, MMWfciSWMtfc 

5. *JKE*t±. 1. 0-1. 5t/cm 2 i«» 
£L<, 1. 1-1. 4t/cm J i 
fc, »bil6*«*«>**tt» 2. Og/cm' £1±*5 
»*L<, 2. 2-2. 7g/cm J #J:9#*U\, 
[0 0 3 81 ji^lSlct5V>T»±, #5)nfc*»**:l 
7 0 0-24 0 OlCOflaKB'CftAL-C, #?LK^^ 
^»-f6. JtoSlUttt, 2 0 00~2 4 0 0t;A5#*t 
<, 2 0 0~2 3 0 0 < C^«ti9»SLV\ I* ^fi)c 

[0 0 3 9] ttdL^FKl3V>Ttt. *y^»OI* 

fi5r(EiS§-fr6fc*, riE»flc*»e>©^BS*©***» 
Mt«Cta*ff*U\ ri9K**>b©«fta*©JP**: 

©*»rtlcj*JR**iSAt6**!l { *>5. ±EH«Ht© 

5. 

[ 0 0 4 0 ] &«ft«iet*5^-ctt. ar©«t 5 
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Mx.tf. 7/P77-;U#JJg, 7x/-/U^J| N y^=y 
til, a-A^-zHf-;/^ 7A'*Vgfc&$C0#ffl 

ktfX'Zt. 

[0041] ±E**jf*»*^ft*iis-&-c*j<rt 

[0 0 4 2] &*->yaV$:flSa«?L*C**-f$#ifc 

S#8st>»H1-5::ttf-C#3. ±IE&J»©£ft(i, « 
l$t:ff3iffi©jS^ftWTfc*iTt>«fct\ > ;:©$, ^glc 

jsm*©*** ttzztizz*) mannmt 

[0 0 4 3] r©J:5tUTl»fe*ifc>ffc4«i*o«fl: 

as? • fci***a»&*5fti&«tt, ^fias^o®^ i 

0 OW/m • K«±t«fij»ttKtfil5 1 t fcK, &JS 

«a*ttKJ:o-Ctt. 8 0~2 8 OW/m • 

K, 2 0 0-26 OW/m ■Kt$6tJ»fi3ttttffix 
fctta&SttSwitf-CSS. c»J:54SS3R«tt. T 

[0 0 4 4] fttc, ±EJWRWfia«ffl^f)ftfc*i; a -yu 

«t*«*fc. ¥***?-«:»«1-5fc»©*S? a -A, 
fflfiSf&oT, ±KB9Mfifctt, ±KLfc^fkS^- 

t-f5. 

[0 0 4 5] El Hi, MfflOf^a-^lfiHin^ 

[0 0 4 6] :o/<7-tj; a -*ioflt f&attts 

Kl 2£>±ffi|;:j&ft[3||Sl 5^fi!c$n, r<0$flq51g& 
6^011 7£:frLTjg^, @ 
/t^ftTfc 1 ?, gftEJgl 5 ©fife©&#t l 
6 id, 7^t-l 5a£m'>ti7'( J r-#>7 t 4yy 

(4, 9tf¥Bll 8**LTftft*jvcv< 

[0 0 4 7]-*, IfeftttSSl 2©|gffilCli, «lf£ E 
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BK^J&ll 3ASffM$tl. CW7;U$ = !7A^P)/jj 

OKB0f+itf,ixT^S. ^©ttStfRl ltt. 7/K=- 
7A$t8M835$#ifiK A 1 -S t tfmto£tl1za- 

[0 0 4 8] 9-yy>/zL=.y K2 0I1, 2^xCT-foo 

Tt±<, o-ct, J: i, \ *^ro^{ci±, 

10 V>5 0 

[0 0 4 9] :W^7-^^-;H0T'tt, ^ftHSS 
1 5tAMl 34«rt1"5««ttS*i 2ftWikJ!!Wg 

1 1 t LTIi, ' 43 

2 0 0~2 6 0W/m • KirffifeTift 

5 0 Sfc, r©$fl&l Hi, ^?a~8 0 OtKfcftS 
SlflgigW 3 . 5X10"~5. OX 10"* (/t) i 
20 a{k7/l'5 = !>A (JBUB«*:ft4. 5xloVt) 
$©ft*ttS*tBtf$U*fc», I, 

11, iiS, 3~4mm;4SJ?$U\ 
[0 0 5 0] feJtttStt 1 2 ©WttWKHje* *if , 
7/K7\ gffc&jfi, Sft7A'S = ^A^sj|* 

=!?Ai»b45»^ttt. aft7^5=»Afise*ii. 
7** y &ns&m 7 y ±mmmm. #±a 

30 RfcfcffO&jlikfcttSrO. l~10lft%^LTV> 
Tti^o wftf>©8f{fc$Ji LTIi, Y 2 o 

j , CaO, Li: O, Rbi Oi $#Wb*i3„ 
[0 0 5 1 ] V^lalKl 5SV^JRSl 3<DUKtLX 
11, «itf, ffi, 7^$^7A^We>HSA5, tfc« 

= !>A4SffJU\ ^11 1 3|C7yU$ = -7A| r 

t<CS. »K. ttACl lK**S-a:44JltLT7/u 

10 fi«f>07/U? = 7i=.^->y aytiS, g^#ffiT-ffi2 

fc\ KM£X«&«#eii|«0!)K#it, «*tf, a i - 
S i ££trn-#£/f^TfT?rt;4ST'£5 0 
[0 0 5 2] *^^©*v ; J .-/Uffla^|c^tt'5^^ 

i^tLTIi, 9itti, IGBT, SITtfiWP)Jx 
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[0 0 5 3] 

■eii4i<\ 

[0 0 5 4] gffiffl 1 

3troffl$* (#4 0 0) ¥$$£0. 3(im»aS 

KltSioW* (GMF-15H2) fcfcWILfc. 

tt-C, J:IEfi»*10 0l*»lCttb-C. ±EIM»* 10 

3 0M;»*fi*U zn5r^-l-S^Lfc. 
[0 0 5 5] fcfc, C©jB**l 0 OlM^U * 
!J fn;U7/U3-^5fiftgI5, 7i;-/H/-^3ll 
*5 0l*S|5£K-£Lfc&. *-vw^*KT50# 

[0 0 5 6] r©ft^**3r3t«rlH«:i»$-a:T*»Srfc 

^bfc„ I rot*. R8cro*^*ft*tto. 8£S% 

&JRKi¥ LMtffl^Tl. 3t/cm' <07VxE;f]T' 20 
fi!t»Lfc. #fe*tfc*4fcOfefiJt»ff©*«(4, 2. 6g 
/cm X-foitz 0 

[0057] &^-c. 

4#IB!»1Sbfc. 

[0 0 5 8] #P>ftfc*7LWftS»K7xy- 
A4MI (fcffc*: 3 01*%) Sr^fcKSSgLfcft. 30 

11. ±E^7y-tLT. ¥^l&Siii 5 2 0 u m. *fi&# 

9 9i*%^Ji<7)^jg->y ooi*^. 5 

%7* y/u»x^r^ • ^ y-fefy^ffi 6 011:95 ta s iS 
£$ftfc'b<D£ffl^fc 0 -t LT. &H->y 3^3- f 
-f y^Lfc#fl.*»«*t7A'=f^Jlf^ft«f T4 5 0 

t/^»#iajiS-cJDisSL, ftiiifigi 4 5 oic-ett 

4fc\ ci-Cfi. Kfl^*iooa*Wc»+ 

[0 0 5 9] ftfeixfcKfiai* • 6 4 6« 

ttli, ^?LKaH»c*Jit5B!ttft?L«)»?L** J 2 0%. 

LT$eg*#2 1 OW/m • K. ±»t IX<D 
*£#3. Og/cm" -C'fcofc. ^fcg^fPe 

ftaU . 0 m mroUISft 4: 2 0 

4 0 ji m<7)ffi£ifi£ 8 0 W/o^'O' 
[0 0 6 0] flEV^-C. «*4MS©#tfcfc*9-tB»ffc 50 
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BtaUPlSrJfiLfct. 9FBJ)llI^£MiU it: 7 0m 
m. fit : 1 3 Omm. : 3mmtM«ra5;x7 

[0 0 6 1] w:, mmmm-fz&mmtL 

T. -ffildlSSO. 4mm©7;l/U^H<C5i* 
0»as. A 1 - S i *^t5B-»*fflV^-C«^S 
ft.. (feO-iB^Tyu^-^Affi^llfilfflo-tfSrffl^T 
&££ftfcJ¥S4mm©tflS7^5 = !?.kSfStK£l 

Sr. 7/U$3r.r^AlS5r^A/T«, Eft 5 r i: lc £ 9 

[0 0 6 2] #ibnfc ; tv ! 3 --'UfflS«*. -5 5rtC 
1 5 OtllCfcofc- MM^/W&l 0 0 00 

[0 0 6 3] fctC. IW^^a-^ffllffil:, IGBT 

SrilSLfc^. I GBTtfi^li. SH-i LT*^lc«ffi 
[006 4] 2 

¥$»S 3 5 it mCO a SA^* (#3 6 0) 
fcffl^Siifcfc. ±Rtt»*iool*»fcttt/C, 
±£$$*4 0lSg|5£E£U rJxfcfc-fcaS-L 

[0 0 6 5] -twig*. ftbJifciKflaift • &JR1f£1* 
frh t£ 3 Stttt . #?L«m^lc It 6 M»cm7LroM?L$ 
*S17%. ikW-b LT(7)^fe#$7J ? 2 2 0W/ m ■ K. 
±frtfC©^S^3. Og/cm' T-feofc 0 
^k^^^firo^FWSli, 3 6^mffcofc„ 
ictt. spiSSSiSl. 0 AmC0jffllS^lr2 0^%^ 

[0066] rro^jkS^ • ft*****:!^. HiSffl 
/nwttTofcft. aaMRt«wfe«fifc«)**wi^ 

[0 0 6 7] *fc. r©*^a-yUfflSffiKl. IGBT 
f^B^*. I GBTif^WiaftSrMSLfc*. IGBT 

[0 0 6 8] Hffi0i| 3 

iP«&ttS 5 7mnOalM«IS* (# 2 4 0) 
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[0 0 6 9] *ws*, &e>Jifc«{ti£* • 
6 4S Stf l±. #+L Itfijtic a it 5 MiS*«7Lo«7L* 
tf ? l 5%. i*j:LTO«6*W2 3 0W/m-K, 
£*£LT©*£ii«3. lg/cm 1 -Cfcofc. 
^a^^aro^gtSU, 65/imffcofc, 

i>0, 8 0 <i mOffi&lfr 8 0 

[0070] z<r>mtm ■ m®.&fr*m\ mm 

[0 0 7 1] rco^i^i-yUfflS^lc, IGBT 

f»**, IGBT*^©JUtSrffligLfc*, IGBT 
fc. 2 

[0072] itmi i 

10«m©« \> ^tt 

fcfc, ±Efil&*l 0 0 14815 left LT, 

[0073] rrogs-fci o ofisgpfcatu sKy^= 

[0 0 7 4] i©S«*Sr9fJ£«pM«ji*-frr*»«:* 3C 
5at»*Ufc», *©«»»^*Sra*S»L, life 

ffl^TO. 6 t/cm' O^^iKj-eriWLfc. ftb 
nfctg^<D4^ft:<03B/II4, 2. Og/cm' ffco 

[0 0 7 5] &1,>T\ ±E)«**SrlliB«yuyj|«KA 
it. ^V^yfS^^lfflLtfoMJrirof:. £ 
Aft, lSffiOT/i/rfv^HiStlcfc^-CSHSLfc. £ 

*?*>S1 7 0 0"C*TAOJ»U *©&tt, t©figf 
4Bfffl&#Lfc„ 

[0076] mhitmtm • mmm-btum 

tftt. *?LKffl«Kisit5a!tt«?LOftlL*iJ3 8%, 
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£ft<t LTSRfi3WW8 OW/m • K. LT©& 
«*<2. 8g/cra' "CAofc. {Rfl&SMa 
¥*9ttgtt, 1 OdDifi)^;. 
[0 0 7 7] w©«{fcg*-&R«**fcfflK HJifJij 

[0 0 7 8] 

[01] *»W©*5?a-yi/fflSfiSrUWWlc*tWriB 

[02 j *motmti&mi$.tz>mtm • 

[03 ] ft*©gMj|i • ^l^*©»a^tS E 
[04] **natt*!&*fltrt1-5g{bi* • 

[05 ] ttgoftfl&x • &m&G#0>tom&7atsE 

[06] S6j|5<O/N-7-*v? a -/w4-ma:W^1-»ra50 

I 0 /<7-*S?a-yU 

I I mm 

12 (fe&ttgfc 
l 3 &JSffi 

14, 17, 18 ¥ffll 

1 5 ^^(elSS 

1 5 a 7-f -f- 
16 ***** 
17,18 

1 9 ^mssss^- 
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